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TECHNICAL NOTE NO. 1126

STRESS RUPTURE OF HEAT-RESTSTING ALLOYS AS A RATE PROCESS

By E. S. Machlin and A, 3. Nowick

SUMMARY

The esquations of the theory of rate processes are appllied to
stress rupture and predict the experimentel stress and temperature
dependence of the time for rupbture for three heat-resisting alloys.
It is concluded that, although this successful prediction for threes
alloyas did not conclusively prove that stress rupture was a rate
process, it d4id provide a basis for recommending that ths rate-
process stress-rupture equations obtained should be used to inter-
polate and extrapolate data for different temperatures and to reduce
the nvmber of stress-rupture tests. .

It is indicated that stress may have an effect on the crystal
structure by causing & phase change. Also it appears that the same
rate-procoss mechanlem is responsible for both transcrystalline and
intercrystalline fallure and that a correlation may exist between
stress rupture and creep.

The recommendation is made that the method of presenting stress-
rupture date on a semilog plot (logarithm of rupture time against
stress), which has a basis in theory, be investigated for use in
place of the present empirical method of presenting stress-rupbure
data on log-log plots of time for rupture againgt stress.

INTRQDUCTION

One of the main criteria used to rate the heat-resisting prop-
erties of alloys is stress rupture (reference 1). During e stress-
rupture test a tensile specimeon is held under & constant load at a
congtant temperature until the specimen fracturos. The chief meas-
urement made during this test is the time required for rupture at
the specific tost stress and temperature. It was empirically found
Trom a sories of stress-rupture tests at a constant tempsrature that
when tho logarithm of the time for rupture is plottod against tho
logarithm of stress, a straight line i1s obtainod within experimental
error (references 2 and 3). This method of showing stress-rupture
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data has been adopted by many investigators and 1s presently used in
the reports of tlie HRC-8 project (reference 1) and the NACA (refer-
ence 4). By interpolation and extrapolation from these plots, values
of the stresses required to rupture the specimens (the rupture
strengths) in 10, 100, end 10CO hours are obtained for specific tem~
peratures. Alloyse are then rated for a particuler application on
the basis of their rupture strengths at the rupture life that most
nearly revresents the application,

Tnesmuch 83 stress ruphture is an important critorion in rating
heat-resisting alloys, it would be advantageous to know the quanti-
tative dependence of the time for rupture on stress, temperature,
camposition, and structure. In order to obtain this information,
an investigation was mede at the NACA Cleveland laboratory durlng
the spring of 1945 using the theory of rate processes. This theory
wag vsed because 1t has been found to apply to certaln processes
such as chemical reactions, viscous flow, and creep that occur at a
definite rate for given conditiong. It was thought that stress
rupture was such a process. An equation was dsrived that gives, for
a given composition and structure, the dependence of the time for
rupture on stress and temperature, Tho investigation is paxrt of a
general progrem to provide inforwation that will ultimately lead to
the development of better ailoys in order that the efficlency and
power oubtput of gas turbines used in aircraft propulsion can be
increased.

The reader who is solely interested in the practical application
of the fundamental equations, which glve the dependence of the time
for rupture on stress, temperature, composition and structure, may
proceed directly to PRACTICAL APPLICATION OF STRESS-RUPTURE EQUATIONS.

SYMBOLS

The following symbols are used in the report:

c proportionality comstant

AF, free energy of activation per moleculs

AF, ! arzparent free energy of activation per molscule
h - Planck's constent, 6.62 X 10727 erg seconds

ARy heat of activation per molecule
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AHgg keat of sctivation per molecule at temperature of absolute

zero
e Boltzmann's constant, 1.38 X lO'16 ergs per moleculs per ox
r rate of reaction per unlt concentration of reactants
re rate of occurrence of the unit process
ASg entropy of activatlion per molecule

ASg! epparent entropy of activation per molecule

ty tims for rupture

T absolute temperature

€] proportionality consgtant

o oxternally applied tanslile stress

T shear stress

THEORY

The theory of rate processes will flrst be discussed as a gen-
eral theory. It will then be shown that if stress rupture of heat-
regiegting alloys can be treated as a rate process, certain equations
nmust be satisfied, ILabter sections will then show that these sgqua-
tlons are satisfied.

General Theory of Rate FProcesses

The theory of rate processes (reference 5) developed by Eyring
and others has been applied to chemlcal reactions as well as other
processes guch &s viscosity of liquids arnd diffusion. In every case
to which rate-process theory can be applied, there is a small sub-
division such that the macroscopic process is the net effect of all
the ewall processes. This smallest subdivision is called the unit
brocees. For example, In a chemical reaction the unlt process is
the reaction between the atcms reacting in numbers glven by the
stoichiometric chemical equation. Rate-process theory can be applied
to any process provided that the corresponding unit process involves
a molecule or group of molecules that, in passing from the initisl

3
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to the final state, must first attain a certaln minlmum thermal
energy. This energy 1s often consldersbly greater than tho ordinary
thermal snergy of molecules; therefore the molecule or group of
molecules participating in the unit process is said to be "activated"
or to have formed an "activated complex" when the minlmum energy is
ettained. The unit process is best i1ilustrated by the potential-
enoray curve for tho reactlon, illustrated in flgure 1. The height
of the barrier, which i1s the minimum energy required for passage
into the final state, is called the heat of activatlon AH;. This
energy boars no relatlon to the heat of the reaction AH, the energy
difference betweon the initiel and final stetes also shown. By the
"reacticn coordinate" is meant the most favoraeble reaction path on
‘the polydimensional potential-enorgy surface.

The' basic assumption of rato<procoss thoory is that tho initial
reactants and activated comploxee aro always in equilibrium. Statis-
tical mechanical considerations thon give (reforence S5) for the rate
of the process (number of unit process taking placo/unit time) tho
cquation

-AFg xT (1)

The term kT/h can be regarded as the effective frequency at
which activated complexes cross over the barrier. In the calculation
of AF,, the contribution due to the translaticnal degree of freedom
along the reaction coordinate has heen disrogarded because 1t is
included in the factor kT/h. The factor AFg i1s interproted as an
ordinary free-energy texrm and can be expressed as

r = {kT/h) e

AFy = AH, - TAS, (2)

The entropy of actlvation has the usual physical significance. It

is rolated to the relative probabllity of the initial and actlvated
states excluding the onewgy difference or what may be called the
relative freedoms of the two statos. A nogativo valuo of AS,; mecens
therefore that the activated state involves grester restrictions on
the degrees of fresdom of the molecules than the initial state in
addition to the enexgy difference between the two states.

A process will be termed a "rate process" if equations (1) and
(2) can be applied to it; that is, if the unit process can be treated
ag involving the passing of activated complexes over a potential-
energy barrier.
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Stress-~-Dependent Rate Processes

In some rate processes the helight of the potential-energy
baerrier is a function of the applied shear stress. The unit proc-
eeses in these cases may gensrally take place in elther of two oppo-
site directions ilnvolving the same energy barrier as shown by the
golid curve of figure 2, thus the net rate 1s zero. If the shear
stress T 18 applied, it way lower the barrier in one direction and
raise 1t in the opposite direction as shown by the dashed curve
(fig. 2). The activation energies for the two directions are no
longer egqual and the process takes place with a definite net rate.
The direction to the right in figure 2 is designated positive.

Examples of such a procesgs ars Tthe flow of viscous liquids
(reference 5) where the unit process is the jump of one molecule
past another and the creep of metals (reference 6) where the gener-
ation of a dlslocation is the unit process. In both these processes,
the energy by which the barrier is lowered in the positive and raised
in the negative dirvection was shown to he approximately proportional
to the shear stress. The heat of activatlon for the stress-dependent
process in the positive divection (the height of the barrier in the
positive direction) 1ls therefore AHy - BT and in the negative
direction AHg + BT. The free energy of activation in the positive
direction is AHy - BT - TAS; and in the negative direction
AHy + BT - TASg. Inesmuch as AFg = AHy - TAS; +the rate of occur-
rence of unlt processes in the positive direction is therefore

rt = (kT/h) e‘(AFa,'BT)/kT

and in the negative direction

-(AF,+BT ) /KT
e = (k7/n) o~ (AFat )/
The net rate in the positive direction is therefore
£t o= ot - rm = (260/h) o 8Faf/ET iy (pr/iT) (3)

The factor B 1is, in general, a function of temperature.

Application of Rate-Process Theory to Stress Rupture

The supposibtion is made that stress rupbure of heat-resisting
alloys is a rate process In the sense of the definition presented
in thls veport. When the unit process 1s considered in an abstract
sense, it is possible to determine only the temperature and stress

5
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dependence of the rate r. A definite physical unit process such
as the generation of a dislocation (reference 6) would enable the
predictlon o the dependence of the rate r on the physical struc-
ture and properties of materials. This report, however, considers
the unit process only in the abstract sense and therefore the con-
tribution that will be expected is a knowledge of the temperaturs
and streass dependence of the time for rupture for a comstant com-
position and structure.

If stress rupture is & ratve process, the time for rupture it
is to be expected to be inversely proportional to a rate re or

ty = ofrp _ (4)

The unit process 1s expected to be stress dependent. If the effect
of stress is similar to other stress-dependent rate processes, that
ig, if the amount by which the barrier is lowered or ralsed by shear
stress is approximately proportional to the shear stress, then re
would be given by equation (3). If, as in the theory of creep
(reference 8), the grains are taken to be oriented such that the unit
process occurs under maximum shear stress, where T = /2, this
equation becomes in logarithmic form

logg vy = loge (2kT/h) - (AFy/kT) + logg sinh (po/2kT)  (5)

The factor $ may include a stress concentration factor if the unit
process takes place at stress relsers.

eX - =X -x
Inasmuch as sinh x = — when X Dbecomes large, e

rapidly approaches zero and sinh x +then is glven to & good approx-

Iration by E-ex. Thus for sufficiently high values of applied
gtress

sinh (Bo/2KT) = %-eBO/ZkT (8)

If equation (6) is substituted in equation (5) and combined with
squation (4), the resulting equation for the time for rupture is

loge ty = loge (B/KT) + (AF,'/kT) - (Bo/2KT) (7)
whexre
AF.' = AFg-= CT = AHy - T (ASy + C) (8)
C=-klogy c
6
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The term ASg + C is therefore the apparent entropy of activation.

For the purpose of checking the validity of equation (7), cormon
logarithms are most convenient. Egquation (7) can be written

log tp = log (b/kT) + (AF,'/2.3kT) - (Bo/4.6kT) (9)

A plot of log %, against O for a fixed temperature should then
be a straight line of negative slope 13/4.6kT and intercept

log t5 = log (h/KT) + (AF,'/2.3kT) (10)

From equation (10), AFg' can be obtained for each temperature.

The heat of activation per moleculs AHy; is usually either constant
or expressible to a geod approximation as a linear function of T
according to

AB, = AHgp + AH' T (11)
Thus a linear plot of AF,' against T should be a straight line

AFg' = AHgg - TAS,' (12)
where ASg' is glven by

ASy' = ASgq - ABR' + C (13)

If stress rupturs 1s given by equation (9), practical use of
this equation for design can be made by letting log (h/kT) equal
a constant., The approximation that log T is constant relative o
the term in T will involve no detectable error over a large range
of temperature. This approximation was made for the equation given
in the section entitled "PRACTICAL APPLICATION OF STRESS-RUPTURE
EQUATIONRS."

SCOURCES AND PRECISION OF DATA

Stress-rupture date were obtained from reference 4, from the
Allegheny Ludlum Steel Corporation, and from the University of
Michigen for three different alloys: S816 cast, S816 forged, and
low carbon N155 hot worked. These salloys were chosen because
enough stress-rupture date were available for them in the liter-
ature a8t different temperatures and stresses.
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An examination of the data, in general, showed that & particular
rupture life wmight vary by as much as 100 percent. Approximate
experimental exrrors for the factors B, AHyp, and ASy! are

+30 percent, %5 X 10-13 ergs, and x5 X 10-18 ergs per °K, respec-
tively, but the errors in AH;, and A4Sg' will generally be in
opposite directions and therefore tend to compensate. Reference 7
gives an approximate value of the reproduclbllity of stress-rupture
data obtained from duplicate tests on specimsns from the same heatb.
This value 1s 25 percent for two-thirds of the tests conducted.
For one-third of the teasts the variatlon was much larger than

+25 percent

RESULTS AND DISCUSSION
Stress Dependence of log btn

Equation (9) states that at constant temperature a plot of
log t, agalinst stress at high stresses wlll yield a straight line
having the negative slope B/4.6kT. An examination of the primary
date for 5816 cast, S816 forged, and low carbon N155 hot worked
showed that the plots of log t, against stress for these alloys
were straight lines whose slopes varied with the temperature. (See
figs. 3, 4, and 5.) The literature, however, shows straight-line
plots of 1log t, against log O for these same alloys. Inasmuch
as both plots are not wathematically consistent, only one plot is
correct, It will be shown that stress rupbture is a rate process
and therefore the semllog plot should be used. The magnitude of
the experimental error explains why both plots can be simultaneously
obtained. DPrevious investigators have also noticed that straight-
line plots could be obtained by plotting log &ty against o (dis-
cussion of reference 3). Irasmuch as no basils for choosing between
the plots had been available, stress-rupture data were standardized
on plots of 1log %, against log O.

The change in slope that occurs because of oxidation on the
log-log plots of rupture time against stress (reference 3) also
occurs on the semilog plot at approximately the same rupture time
and stress, At the same temperature, transcrystalline-type failures
will occur at higher stresses than Intercrystalline-type faillures.

No correletion exists, however, between the change in slope and the
transition between transcrystalline and intercrystaslline regions of
fallure. A number of the lines shown in figures 3 and 4 show changes
in slope that cannot be explained by elther intercrystalline oxida-
tion or the hyperbolic sine dependence of stress. The change in

8
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glope is opposite in sign to that expected for intercrystalline
oxidation and alsc is much sharper than that expected for a hyper~
bolic sine dependence of gtress. It is believed that the change in
slope is due to a change of structure as a result of the effect of
stress. Reference 8, for example, has shown that stress at high
temperatures can induce an age-hardening reacticn.

Tewperature Dependence of Slope Factor B

In refervence 6 it was empirically found that the temperature
dependence of the B factor for creep could be described by “the
following relation:

B = PeQT

The data for stresa rupture were investigated to show whether
a gimiler relation existed for stress rupture. A plot of log B
agelngt T, which glves straight lines withlin experimental exrror
for the three alloys studied, is shown in figure 6. The B +values
of Tigure B8 are of the sames order of magnitude as those obtained for
creep of ivon (reference 6).

Temperature Dependence of Apparent Free
Energy of Actlvation AF,!

Equation (12) predicta that the quantity AFy!, +the apparent
free energy of activation, will be linearly dependent on temperature.

Values of AFg? were compubted from date substituted in equa-
tlon (10) and were plotted againet temperature for S816 cast,

5816 forged, and low carbon N155 hot worked. The results are shown
in figure 7, which substantiates the prediction made by the theory
of rate processes that AF5' would be linearly dependent on
temperature.

Values of AHpg and ASg' for stress rupture, the intercepts
and slopes, respectively, of the lines in figure 7, are given in the
following table. The values of similar parameters for creep obtained
from reference 6 ares glven for comparison. The parameters AHzn and
ASg' for the creep process are approximately the energy of active-
tion and the entropy of activation, respectively, involved in the
genevration of a dislocation and are A and B, respectively, in the
notation of reference 8. '
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Type of test Material AHg o ASg!
(a) (ergs) (orgs /oK)

Stress rupture S816 cash 1.71 X 1012 5,7 x 10715
Stress rupture S816 forged 2.98 4.2

Stress rupture N155 low carbon 4.19 2.75

hot worked
Cresp Iron 2.10 4.0
Creep Nickel 2.67 4.0

aNb creep data wore avallable for cobalt dDut the values
of its constants would be expected to approximate
cloeely those for iron and nickel.

Tke teble shows that AHy, and ASy' are of the same order
of magnitude for the stress-rupture rate process as for the creep
rate process, respectively. It thersforc appears that the entropy
of activation ASy for the stress-rupture rate process is probably
a large negative value of the esame order of magnitude as the entropy
of activation for the gensration of a dislocation and that the
parameter C 1is small compared with ASg, (See eguation (13).)

EVALUATION QF RESULTS

The theory of rate processes has predicted the tempeorature
depondence of the time for rupture and this prediction has been
substantiated by the date for three hoat-resisting elloys. This
successful prediction is the Justification for spplying the theory
of rate processes to sbress rupture. Because it is indicatod that
gtross rupture is a rate process, plots of the log time for rup-
ture against stress should be invesitigated for use in place cof tho
log-log plots now used. Not only is tho somilog nlot based on
theory but it 1s also the only plot from vwhich data can be obtained
to predict stress-rupture date at additional tomporatures. An
example of the accuracy with which data at difforont ternporatures
can be predicted is given in tho section ecntitlod "PRACTICAL ATPLI-
CATION OF STRESS-RUPTURE EQUATIONS."

The date have revealed that a given material may have throc
differont sets of constants devendent on the stress and temperature
to which the specimen 1s suvbjected. Two sets of these parameters
hold for the unchenged material (stable structure) and for the
maeterial in the range of intercrystallins oxidation, respsctively.
The third set, which describes the region of highest stress, 1ls best
explained on the basls of a change induced in the original structure

10
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by ghear stress. Whether this explanation is correct could be deter-
mined by means of an X-ray analysis of the crystal structures in two
different regions having different sets of materiel parameters,

On & log-log plot of rupbure time against stress, the line that
represents the regicn of lntercrystelline failure in the absence of
oxidation i1s an extension of the lins of the region of transcrystal-
line failure (reference 3). In the plot of log rupture time sgainst
stress for the same date, the line obtained is alsc unbroken., In
terms of the theocretical equation (§), the AF,' and B values
for transcrystalline fallure are exactly equal to the AF,' and B
values for intercrystalline failure in the absence of oxidation. It
therefore appsars that the rate-process mechanism responsible for
the transcrystelline fallure is the same rate~process mechanism
responsible for the intercrystalline failure. This fact leads %o
the belief that a correlation may exist between creep and stress
rupture. From reference 9 1t can he implied that during the trans-
crygtalline mode of failure, a relatively large amount of creep
takes place, If transcrrstalline faillure finally results from a
shearing of the individual grains, then creep may be the controlling
factor. Further evidence of a correlation between creep and stress
rupture wasg the agreement of the order of megnitudes and tewmperature
dependence of similar terms in ‘the equations for creep and stress
rupture. Further tests, however, are necessery in order to prove
whether such a correlation exists.

The praectical application of the stress-rupture theory to
engineering problems 1s extensively described In the next section.
On the hasls of the theory given in thils report, the preosent engi-
neering method of presenting stress-rupturo data should be revised to
prevent inaccurate appllication of the results to the design of parts
for high-temperature use and to facilitate the method of rating the
stress-rupture resistance of heat-resisting alloys.

PRACTICAL APPLICATION OF STRESS-RUPTURE EQUATIONS

The oegquation

log ty = -“:.L@%.:.P.Q (14)
where
Ty time for rupture, hours

11
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T sbsolute temperaturs, °R
c applled tensile stress, pounds per square inch
A, B constants of structure and composition
and
log D = B + FT (15)
where
E, ¥ constants of structure and composition

was derived in the theory section of this report from the theory of
rate proceeses as developed by Byring and others (reference 5).
Equation (15) was found empirically. The predictions of equa-

tion (14), especially in regard to the Eemperature dependence of
stress rupture, were investigated and verified for a number of heat-
resisting alloys. Equation (14) is therefore valid and could be
used to obtain the dependence of time for rupture on stress and
temperature for a given structure and composition.

In order to obtain an evaluation of the constants A, B, E,
and ¥, 1t is necessary to determins at each of three or four tem-
peravures the time for rupture for at least four different stresses.
The constents E and F are evaluated by plotting log t,. against
0 at a constant temperature. The slope of the straight line obtained

is equal to —'%u When values of log D 8o cobtalned are plotted
againsgt temperature, a straight line is obtained. The slope of the

sbraight 1line is equal to P and the intercept (at T = 0) is equal
to E.

The constents A and B are evaluated by obtaining values of
the intercept (0 = 0) of the plot of log %, egainst stress. From
equation (14) this intercept, log t4, will satisfy the relation

T log t3 = A + BT : (18)

When values of T log ty are plotted against T, a straight line
is obtained. The slope of this line 1s equal to B and the Inter-
cept (T = 0) is equal to A.

It should be understood that the parsmebters A, B, E, and F
will be congtant only for a given composition and structure and in
the absence of intercrystallins oxlidation. If a heat-resisting alloy
should have different structures, as is sometimes the case, then the

12
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velues of the parameters for one structure would not apply to pre-
dicting stress-rupture data for the other structure. TFor example,
the break in the stress-rupture curve at 1350° F in Ffigure 4 indi-
cates that the structure in the high-stress range differs from that
in the low-stress range because the values of the structure param-
eters A, B, B, and ¥ for both ranges are not the same. In the
event that intercrystalline oxidation takes place, the set of param-
oters will no longer be valid. These limitations, however, axre not
severe Tor the data presented in this report. '

In order to illustrate the use of the equations in predicting
data, the primary date for forged S816 given in figure 4 for 1350,
1500, 1600, and 1700° F will be used to compute values of 4, B, F,
and F. Then these values will be used to obtain a stress-rupture
curve for 1800° ¥, which will then be compared to the experimental
stress-rupbure curve for 1800° F.

The absolubte slops of the 1350° F gtress-rupture curve is

108 by - 108 Yra _ 3.00 - 2.00 _ _ 4 5000900
Gy - O, = 30,000 - 41,200 ~ °°

D_
5 =

which then gives
D350 = T X 0,0000800 = 1810 X 0.0000900 = 0.163

Similarly,
Disap = 0-264
Digoo = +350
D700 = 435

The plot of log D against T is glven in figure 8. The slope of
the straight llins in figure 8 is

_ log 0.381 - log 0,169

- -3
F = 5350 — 1810 = 1.218 X 10

The intercept of this straight line 1s
E = log 0,381 - 1.218 X 1070 x 2100 = -2,977
Fquation (15) then gives for D &t 1800° F

log D=F + FT = -2.977 + 1.218 X 2260 X 10~° = -0.220

13 it T nh
RS Y |
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D = 0.600

The intercept cf the 1350° ¥ gtress-rupture curve in figure 4 is

log %3 = log %y + %-G = log 1000 + %é%gé-x 30,000
log %3 = 5.70
Then
T log b4 = 10,300
Similarly,
T log t; (1500} = 10,580

(1600} = 9320

"

(1700) = 8650

The plot of T log t4 againet T 1is glven in figure 9. The slope
of the stralght line obitained 1s

10,420 - 9030

B = <S55 300 - 6950

The intercept is
A = 10,420 - {~6.95'x 1900) = 23,630

Equation (14) was used, with the value of D at 1800° F and the
values of A and B Just determined, %o obtain the stress-rupture
curve for 1800° ¥ that is shown plotted in figure 4 as a dotted
line. The experimental points are glven by the symbol ¢ and give
a measure of the accuracy that cen be obtained using equations (14)
and (15) to predict stress-rupture data. It should be noted that
the predicted wvalues fall within the reproduclbillty of £25 percent
found by reference 7. Thls reproducibility figure was obtalned from
a duplicate gexries of stress-rupture tests of specimesns taken from
the same heat.

The number of stress-rupture tests that are required at present
can be materially reduced by using the method Just described to pre-
dlct date at new temperatures. Specifically, if 1%t is desired to
extend the stress-rupture data to higher temperatures, it ls neces-
sary according to present methods to obtain values of % for at

14
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least four different stresses at the higher temperature In order to
e 2ble to plot @& curve of log Gy, against log 0. If values of

A, B, E, and F were computed for this alloy from the available
data, then only one test at the higher temperature would be reguired
o check whether the alloy struchbure was stable at this higher tem-
rerature. If the alloy structure was found to be stable, that ls,
the experimental. value of 1%, at the higher temperature checked
within experimental error with the value predicted by equations (14)
and (15), then the equations could be used for predicting the stress
dependence of the rupture time at this higher Ptemperature. Thus,
about three-fourths of the additional stress-rupture tests would be
eliminated.

The metallurgist who performs stress-rupbure sests in order to
rate the heat-resisting properties of alloys can now make use of the
four parameters A, B, E, and F as a means of rating the alloys.

In order to have long rupture lives (high tr) at constant stress and
temperature, it is necessary that A and B be large and E and F
amall, (See equations (14) and (15).) Wken A and B are larger
and E and F are smaller simultanecusly for one alloy than for
another, the first alloy will have longer rupture life over the range
of stress end temperature where the values of A, B, E, and F apply,
Where the four parameters do not compare in this simple fashion,

the stress-rupbure ratings of various alloys will generally not be
the same for different renges of stress and temperature. These
alloys can therefore be rated only with respect to thelr proposed
use. For exemple, alloys for gas-turbine buckets can be rated on
the basgis of the design temperature and stress. Values of the struc-
ture parameters can then be used to obtain eagily an order of merit
rating at the set of conditions that correspond to the proposed use.

RECOMMENDATION

It is recormended that the method of presenting strsss-rupture
data on & semllog plot (logaritim of rupture time againast stress),
which has a basis in theory, be investigated for use in placo of
the prosent empirical method of presenting stress-rupture data on
log-log plots of time for rupture agalnst stress. In addition, the
use of the stress-rupture equations presented in this roport are
recomrended to vermit temperaturce intorpolation and extrapolation
and to roduco the number of stress-rupture tosts required.

Ajircraft Engine Research Laboratory,
National Advisory Committoo for Aoromautics,
Cloveland, Chio, Fobruary 8, 1946.
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